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ABSTRACT
MICHAEL C. ELIAS. Effect of Dilution Water on the Survival, Reproduction,
and Sensitivity of Ceriodaohnia dubia: Implications for the Mini Chronic
Pass/Fall Ceriodaohnia Effluent Toxicity Test, (Under the Direction of Dr.
Donald E. Francisco)
The effect of dilution water on the health of Q. dubia and reproducibility
of the Mini Chronic Pass/Fail Ceriodaohnia Effluent Toxicity Test was
investigated. Three tests were done: an Initial Screening Test to evaluate
rapidly a variety of dilution waters, a Long-Term Culturing Experiment to
evaluate long-term survival and reproduction in dilution waters passing the
Initial Screening Test, and a Sodium Chloride Antagonist Experiment to
evaluate the relative sensitivity of £. dutilato toxicants when cultured in
different dilution waters. Levels of survival and reproduction were
acceptable for £. dubia cultured in Botany Pond water (a natural surface
water), 10% Perrler*" solution, 20% Perrier"' solution, and Reconstituted
Water. Levels of survival and reproduction were not acceptable for£. dubia
cultured In MS Animal Media. The addition of selenium to 10% Perrier"*
solution did not affect survival or reproduction.
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INTRODUCTION
Background
Prior to 1965 water quality laws were developed, enacted, and
enforced primarily at the state level. The federal government dealt only
with matters of interstate pollution. Although standards were set for
the discharge of effluents into surface waters, regulations varied among
states. The Water Quality Act (PL 87-234) of 1965 placed federal
controls on interstate and navigable waters, which ultimately
encompassed all streams in the United States. Still, the primary
responsibility for setting and enforcing standards remained with each
state. As time passed, concern grew that water pollution control was
proceeding too slowly and that some regulatory strategies treated
certain dischargers inequitably (Lamb, 1985).
The Federal Water Pollution Control Act of 1972 (PL 92-500)
increased federal involvement by establishing, implementing, and
enforcing criteria to provide a more timely and comprehensive
framework for water pollution control; Section 101(a) established that
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"it is the national goal that whenever attainable, an interim goal of
water quality which provides for the protection and propagation of fish,
shellfish, and wildlife, and provides for recreation In and on the waters
be achieved."
Initial attempts to reach the goals of PL 92-500 involved
implementing technology-based targets at two levels (Macek, 1985).
By 1977, all municipal wastewater treatment plants were required to
use secondary wastewater treatment and Industrial dischargers were
required to Implement best practical control technology (BPT). By 1983,
Industrial dischargers were required to meet more stringent
requirements of the best available technology (BAT) that was
economically achievable.
The purpose of BAT was to control the discharge of toxic
pollutants, yet toxicity to aquatic organisms was rarely a criterion for
evaluating pollution control technologies (Macek, 1985). However,
Section 302 provided that additional limitations based on water quality
could be added to technology-based limitations to meet the goals of the
Act. This was accomplished by developing chemical-specific toxic
pollutant standards. Toxicity tests with aquatic organisms became
crucial in developing the data bases needed to set these standards.
Ultimately, Section 302 led to a dramatic increase in the use and
development of toxicity tests.
There are two types of toxicity tests: acute and chronic. The
purpose of the acute test Is to detect rapid and severe response (i.e.,
death) from a toxic insult. To accomplish these objectives, serial
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dilutions are made of the suspect chemical. Test organisms are placed in
every dilution of the chemical. Mortality is then measured over a period
of 4 days or less. At the end of the test, the concentration of the
chemical lethal to a given percent of the population can be determined
(i.e., LC50 or the concentration of the chemical lethal to half the
population) and the threat of the chemical quantitatively evaluated. In
the chronic test, the organisms are exposed as above to a dilution series
of the test chemical. However, the concentration of the chemical tested
is usually much lower than in acute tests. This is because the purpose of
the chronic test is to find the sublethal concentration of a chemical that
will induce a response over long-term exposure. The duration of the
exposure often lasts several weeks to years, depending upon the
organism, but it should cover much of the reproductive life cycle. Unlike
the acute tests, the organism Is fed to allow long-term survival and
reproduction. From the dilution series a variety of endpoints can be
determined and the threat of the chemical evaluated. An example of such
an endpoint Is the No Observed Effect Concentration (NOEC), which is the
greatest concentration of a chemical that does not affect survival or
reproduction.
To be considered valid indicators of toxicity, both acute and
chronic toxicity test must meet several criteria. First, the test must be
sensitive enough to protect adequately the aquatic environment.
Generally, sensitivity is maximized by selecting a test organism
sensitive to the potential toxicants being tested. Further, the organism
and the test conditions (64, temperature, dilution water) must be
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representative of the environment the test is intended to protect.
Finally, the results of the toxicity test must be reproducible. For
reproducibility to be maximized, two types of variability must be
minimized: inter-laboratory and intra-laboratory. Inter-laboratory
variability Is the difference In the toxicity test endpoints measured by
different laboratories (EPA, 1990). This form of variability can result
from the use of different test populations, test conditions, and test
procedures. Standardized test protocols are generally developed to
minimize inter-laboratory variability. Intra-laboratory variability is
usually associated with temporal variability in some test parameter,
most often, the health of the organism. Robust organisms and consistent
testing procedures are key to minimizing this variability.
Chemical-specific testing led to the development of water quality
criteria for 129 (later reduced to 126) priority pollutants (Fergen and
Budd, 1989). But a problem remained. Although chemical-specific
toxicity tests addressed the potential impact of single chemicals, they
could not accurately account for additive, synergistic, or antagonistic
effects of chemicals in complex effluent mixtures. With this
realization, the EPA released the Water Quality Based Toxics Control
Policy which emphasized the use of whole effluent testing as a method
by which to evaluate the toxicity of effluents (Masters, etaL 1991). The
development of whole effluent toxicity tests followed. Acute tests were
the first to be developed and Integrated Into National Pollutant Discharge
Elimination System (NPDES) permits (EPA, 1975; Peltier, 1978), Still,
Chronic tests were needed to identify more subtle affects.
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In the last decade guidelines for whole effluent chronic toxicity
tests were developed and published In Short-Term Methods for
Estimating the Chronic Toxicity of Effluents and Receiving Waters to
Freshwater Organisms (EPA, 1985; EPA, 1989). Within the guidelines of
this manual, states with primacy over NPDES were given the latitude to
develop a specif Ic bloassay testing protocol. The North Carolina
Department of Environmental Management developed the Mini Chronic
Pass/Fail Cerlodaphnla Effluent Toxicity Test (Appendix A). This test
has several notable features. First, the water flea Ceriodaohnia dubia
has a more rapid parthenogenic llfecycle than most other daphnid
species. This allows the chronic test to be completed In one week
instead of the two or three weeks required by most chronic tests which
reduces both the labor and cost of each test. Second, C. dubIa is
generally more sensitive to toxicants than other daphnid species
(Winner, 1988; EInabarawy, staL 1986; Cowglll, staL 1985). Greater
sensitivity means more protection for the receiving water. Finally, the
Department of Environmental Management required only one effluent
concentration to be tested to further reduce the cost and labor of each
test. The outcome of the test Is a pass/fall conclusion based upon the
statistical comparison of C. dubia survival and reproduction in the
effluent/dilution water mixture and the dilution water control. The
concentration of the effluent tested may vary with the NPDES permit, but
is generally set at the 7Q10 concentration of the effluent in the
receiving stream: the concentration of effluent during the minimum
7-day flow every ID years.
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Dischargers in North Carolina are required to conduct the Mini
Chronic Pass/Fail Ceriodaphnia Effluent Toxicity Test quarterly. In
North Carolina, a single failure of the test requires the discharger to
begin testing monthly. Failure of the monthly tests ultimately requires
the discharger to enter a Toxicity Reduction Evaluation (TRE) to identify
and eliminate the source of the toxicity. Because a TRE Is both
complicated and expensive, a high degree of confidence must be placed in
the pass/fail outcome of the test. However, problems have arisen in the
application of this bioassay. Many laboratories have experienced
problems in maintaining healthy cultures of £. dubia for multiple
generations (DeGraeve and Cooney, 1987). Further, some dischargers
have reported that duplicate samples submitted for toxicity testing
sometimes give differing pass/fail results suggesting that test may not
be reproducible (Anderson and Norberg-KIng, 1991). If this test proves
not to be reproducible, then Its use as a standard monitoring technique
may be questioned (Warren-Hlcks and Parkhurst, 1990).
Problems with this bioassay have most frequently been attributed
to diet or to the waters used for culturing and effluent dilution
(DeGraeve and Cooney, 1987). The water used to culture £. dubia and
dilute effluent samples is usually the same, so It will be called dilution
water from this point on. Because a variety of diets and dilution waters
may be used (EPA, 1989), it is imperative to define the effect of both on
daphnid health and test reproducibility. Several studies have been done
to determine the effects of diet on C. dubia survival and reproduction
(Belanger, sLal 1989; Bryson, 1990; Cowgl 11,1987; Winner, 1989),
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while only a few have been done to determine the effects of the dilution
water.
Objectives
Before conclusions can be made about the effect of dilution water
on the health of £. dulilaand the reproducibility of the Mini Chronic
Pass/Fall Ceriodaphnla Effluent Toxicity Test, further Investigation is
needed. The objectives of this experiment are as follows:
1. To determine the effect of selected dilution waters on £. dubia
survival, reproduction, and sensitivity to toxicants.
2. To determine the effect of dilution water on the reproducibility
of the Mini Chronic Pass/Fall Effluent Toxicity Test.
3. To Identify the dilution wateKs) that maximizes £, dubia health
and test reproducibility.
To accomplish the above objectives, the following series of
experiments were done. Initial Screening Experiments were first done to
evaluate rapidly survival and reproduction of Q, dubia In different
dilution waters. The following waters were evaluated: a natural surface
water (Botany Pond, North Carolina). Perrler™ solution (10 and 20%
Perrier"')(EPA, 1989), Reconstituted Water (Soft and Moderately
Hard)(EPA. 1989), and MS Animal Media (0.1, 1.0, 10, and 100% MS Animal
Media)(Keating, 1985). Waters that allowed acceptable levels of survival
and reproduction were tested further in a Long-term Culture Experiment.
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In this experiment, C. dubia were cultured for multiple generations over
a twenty week period in a dilution water. Culturing for multiple
generations was necessary to identify the more subtle deficiencies in a
water (Bryson, 1990; Winner, 1989). The effect of selenium addition
was also evaluated in the Long-term Culture Experiment. Finally, the
sensitivity of C. dubia cultured in each water was tested with the
benchmark chemical NaCl. Based upon the assumption that more robust
daphnlds are less sensitive to toxicants (Winner, 1988; Elnabarawy,
fitaL 1986), the effect of dilution water on robustness was evaluated.
Finally, Inferences were made about the effect of dilution water on the
reproducibility of the Mini Chronic Pass/Fail Ceriodaphnia Effluent
Toxicity Test.
Literature Review
Most studies with dilution water have compared the survival and
reproduction of daphnlds in only two or three different waters. Further,
results of these studies have varied. In H, magna. reproduction was
compared In two natural surface waters (Lake Huron water and
Tittabawassee River, Michigan) and an industrial water (Lake Huron
water clarified with alum and ferric chloride, and softened with
l1me)(Cowg111, gtaL 1986). Two tests were done. In one test, 50
neonates were reared in waters to maturity (approximately 4.5 weeks).
In the other test, neonates were batch cultured in the waters for 4
weeks. The largest number of broods and neonates per female in both
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tests were in populations cultured in lake water, while the smallest
were in populations cultured in processed water. Winner (1989) studied
£, dubia reproduction in two different dilution waters for five to six
generations. Each dilution water contained the same four salts (CaC03,
MgS04, NaCl, KCl) in distilled deionized water, but in different
concentrations (EPA, 1985; Winner, 1985). The waters were termed
either low- or high-sodium relative to the total salt concentration (total
salts: 120.9 and 174.8 mg/L, respectively). Although there was no loss
of vitality of cultures in either water over the six generations, absolute
values for total broods, mean brood size, total young per cohort, and
survival times were all slightly higher for £. iMillcultured in high
sodium water. But these differences were not statistically significant.
Finally, £. duliiasurvival and reproduction in different dilution waters
were investigated by the Electric Power Research Institute (1988). A
surface water (Darby Creek, Ohio), a well water, and a dilution water
termed Hard Reconstituted Water containing four salts (NaHC03, CaSO^,
MgS04, KCl) in lab pure water (total salts: 440 mg/L) were evaluated
with both 14 day screening tests and generation tests. Neither survival
nor reproduction differed significantly among the different dilution
waters.
The need for the addition of trace elements and organic nutrients
to dilution water has often been discussed (Keating, staL 1989), but
only a few studies have been done. Most investigations have focused on
selenium. Because selenium Is the primary component of the daphnld's
carapace, it is thought to be necessary for the maintenance of healthy
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cultures (Keating and Dagbusen, 1984). Some investigators have further
suggested that selenium may need to be dissolved in solution to be
asslmilatedby the daphnid (Keating, fit.31 1989). Investigations of
selenium additions to dilution water have given contradictory results.
Keating and Dagbusen (1984) found that healthy populations of Q. oulex
and D. magna could not be maintained in dilution waters containing less
than 0.1 ppb of selenium. Culturing with less selenium resulted in
premature cuticle deterioration, progressive loss of distal segments of
second antennae, and a shortened lifespan. The addition of selenium
decreased the number of eggs aborted, the number of dead young, and
increased the number of young per female (Winner, 1989). In another
study, the addition of selenium to cultures did not affect survival or
reproduction (EPRI, 1989).
MATERIALS  AND METHODS
Culture Maintenance
In February of 1988, Ceriodaohnia dubia were obtained from the
North Carolina Department of Environmental Management in Raleigh,
North Carolina. Individual and mass cultures were started and
maintained according to guidelines in Short Term Methods for Estimating
the Chronic Toxicity of Effluents and Receiving Waters to Freshwater
Organisms (1985, 1989). Before describing culturing and maintenance
procedures In detail, a general overview is given.
In Individual cultures, Q, dubia were kept Individually within 30 ml
plastic condiment cups (Plastics, Inc.) containing 15 ml of a solution of
10% Perrler*" and 90% distilled deionized water. Maintaining £, dubia
individually allowed the number of progeny produced by each daphnid to
be determined. Twelve new Individual culture cups were started every
Monday, Wednesday, and Friday with neonates less than 24 hrs old.
£. dubia from previously started cultures were transferred on those days
to fresh dilution water. All progeny were counted at the time of
transfer. In mass cultures, 50 £. dubia were maintained per 20 cm
diameter bowl (Carolina Biological) containing 1 L of natural surface
water. Unlike In the Individual cultures, the reproduction of each
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C dub la in a mass culture could not be determined. A new mass culture
was started Monday through Friday with neonates less than 24 hrs old.
C dubia in the mass cultures were transferred to fresh dilution water
twice a week. Both individual and mass cultures were fed daily and
discarded after 14 days. Details of the cuituring and maintenance
procedures follow.
The 10% Perrler'" solution used for individual cultures was
made as described In Short Term Methods for Estimating the Chronic
Toxicity of Effluents and Receiving Waters to Freshwater Organisms
(1989). Distilled water used to prepare the \0% Perrler"' solution was
obtained from a Megapure System Dl Deionizer (Corning Corporation)
using a Corning High-Capacity Inorganic Deionizer and Corning A6II Still
(Coming Corporation) operated in series. Immediately after preparation,
the solution was aerated with a Whisper 800 aquarium pump (Second
Nature). The aeration removed carbonatlon and equilibrated the solution
with the atmosphere. All waters were aerated continuously and for at
least 24 hr before use.
The natural surface water used for mass cultures was collected
from Botany Pond, a protected forested watershed located in Chapel Hill,
North Carolina. Botany Pond water was kept in the laboratory within a
continuously aerated 210 L high density polyethylene tank (Nalgene, Inc.).
The tank was covered with black plastic to minimize algal growth.
Initial hardness of the Botany Pond water was determined by titrating
with EDTA (APHA, 1985). Equal masses of reagent grade calcium sulfate
(Mallinckrodt, Inc.) and magnesium sulfate (MCB Manufacturing Chemists,
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Inc.) were added to increase hardness to 33 mg/1 as CaC03.
Approximately 38 L of water was replaced in the tank weekly. The water
was collected by pumping through a 5 um polypropylene wound filter
(Carborundum Corporation) to remove both particulates and organisms.
After each addition of the water, appropriate amounts of calcium and
magnesium were added to return hardness to 33 mg/1 as CaC03. The
water was then aerated for at least 18 hr before use to ensure the
complete dissolution of salts. A second titration with EDTA was done
approximately 18 hr after the addition of salts to verify the hardness of
33 mg/1 as CaCOj.
C- dubia In both individual and mass cultures were fed a mixture of
Yeast-Cerophyl-Trout Chow (YCT) and the alga Selenastrum
capricornutum. The YCT mixture was prepared as described in Short-
Temn Methods for Estimating the Chronic Toxicity of Effluents and
Receiving Waters to Freshwater Organisms (1989). The components for
the YCT were obtained from the following sources: yeast (Fleischmann's
Brand), Cerophyl (Sigma Chemical Company), and Trout Chow (Carolina
Biological). After preparation, the YCT mixture was frozen until used.
Selenastrum capricornutum cultures were started from slants
obtained from the collection at the University of Texas in Austin
(UTEX 1638). Cultures were started by inoculating a 250 ml Erlenmeyer
flask containing 100 ml of Marine Biological Laboratory (MBL) media
(Stein, 1973), The flask, gauze stopper, and media were autoclaved prior
to use. After inoculation, the flask was stoppered and placed on a G10
Gyrotory Shaker table (New Brunswick Scientific), set at a low speed to
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avoid cell damage. Continuous illumination was provided by flourescent
lights. The intensity of the illumination reaching the algae was
approximately 150 foot candles. After seven days, 2 ml of inoculum
from the culture was added to each of six Erlenmeyer flasks containing
100 ml of MBL media. Algae were grown for another week using the same
procedure as described above. After seven days, new cultures were
Inoculated and the algae were harvested.
In the first step of the harvesting process, the contents of the six
flasks were combined and gently mixed in a 1000 ml graduated cylinder.
Algal cell concentration was determined by pipetting two drops from the
combined cultures onto a Bright-Line Hemacytometer (American Optical).
After allowing the cells to settle in the hemacytometer, counts were
done under a Bausch and Lomb compound microscope (Bausch and Lomb).
Ten replicate squares were counted and averaged. The average cell
concentration within a culture was then calculated with the formula:
C = A/4* 106, where £ is the culture cell concentration in cells/ml,
A Is the average cell count per hemacytometer square, and 4 and IQ^ are
constants to convert the cell count to cells/ml. The volume of the
combined flasks was noted and evenly distributed Into twelve 50 ml
centrifuge tubes. Tubes were capped with aluminum foil and centrlfuged
at approximately 1400 rpm for 30 min. The supernatant was discarded.
Algal cells were rinsed Into four tubes with a small volume of 10%
Perrler™ solution and centrlfuged for 20 min. Finally, algal cells were
rinsed into two tubes and centrlfuged for 20 min. After centrifugation
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algal cells were resuspended with 10% Perrler"" solution to a
concentration of 1.4X 107 cells/ml.
To determine the volume of 10% Perrler™ solution, the total
number of cells in the algal concentrate were first determined by
multiplying the volume of combined cultures before centrlfugatlon by the
average culture cell concentration (C). The volume of 10% Perrler™
solution that must be added was then determined by dividing the total
number of algal cells by 1.4X 10"7 cells/ml. After resuspenslon, the
algal concentrate was stored In the dark at 4 oc. Algae not used within
30 d of preparation was discarded.
£. dubia cultures were fed dally. To facilitate feeding the
Individual cultures, YCT and S. caprlcornutum were combined and
distributed with a microplpeter. Each cup was given 100 n1 dally. The
food for mass cultures was not combined. Each mass culture bowl was
given 2.0 ml YCT and 0.4 ml of the 1.4 X 10"7 cells/ml S.. caprlcornutum
concentrate dally. The dally concentration of YCT given to Individual
cultures was approximately 3.3 x 10"3 ml YCT/ml culture water. The
dally concentration of YCT given to mass cultures was approximately
2.0 X 10~3 ml YCT/ml culture water. The dally concentration of
^. caprlcornutum given to both individual and mass cultures was
approximately 5.7 x 10^ cells/ml culture water.
Temperature and photoperiod were carefully controlled for both
individual and mass cultures. Individual cultures were kept within a
Precision Dual Program Illuminated Incubator (CGA Corporation). The
incubator was maintained at a constant 25 +1K. Mass cultures were
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kept in a culture room maintained at a constant 25 ±20C. Temperatures
in both were checked daily. Both the incubator and culture room were
illuminated by flourescent lights maintained at a constant 16L:8D
photoperiod by an automatic timing device. The intensity of the
illumination reaching the £. dubia cultures in the incubator and the
culture room was approximately 37 and 65 foot candles, respectively.
In individual cultures, C. dubia used to start the culture were
transferred to fresh water on Monday, Wednesday, and Friday. In mass
cultures, L iMiilused to start the culture were transferred twice a
week, with the day of transfer dependent upon the day the culture was
started. During the transfer, mortality was recorded in both individual
and mass cultures. Reproduction was determined only in individual
cultures by counting neonates in each cup with a dissecting microscope
(Bausch and Lomb).
Twelve individual cultures were started every Monday, Wednesday,
and Friday. One mass culture was started daily, Monday through Friday.
In the individual cultures, each cup was observed 24 hr prior to starting
the new cultures. If a third or latter brood was likely to being born
within the next day the cup was marked. Before the neonates became
24 hr old, one neonate was pipetted into each of twelve new culture cups.
Neonates were taken from three or more cups and used only if they
appeared healthy and if there were at least eight neonates per female.
In mass cultures, fifty of the youngest neonates were taken from a
culture dish in which L iMla were old enough to have third or fourth
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broods. £. dubia from both individual and mass cultures were discarded
after 14 d.
Initial Screening Experiments
Initial screening experiments were done to determine the survival
and reproduction of L dubia cultured In different waters. The following
waters were tested: Botany Pond water, lO^Perrier"* solution, 10%
Perrler'" solution with selenium dioxide (2 ug Se/1) (EPRI, 1988), soft
and moderately hard reconstituted water (RCW) (Marking and Dawson,
1973), and MS Media (Keating, 1985). The composition of the waters
tested Is summarized In Table 1. All waters were prepared as described
earlier as referenced, with one exception. In the 10% Perrier™ solution
with selenium, the selenium was Increased from 1 to 2 ug/1 as done by
Winner (1989). All waters were maintained as previously described and
aerated for at least 24 hr prior to use.
Experiments were started with neonates from both individual and
mass cultures. The source was dependant upon availability of neonates
at the start of the experiment. When started from individual cultures,
each C dubia was observed 24 hr prior to the start of the experiment.
If the third or latter brood was likely to be born within the next 24 hr
the cup was marked. When started from mass cultures, £. dubia likely to
have their third or later brood within the next 24 hr were pipetted into a
beaker with 100 ml of Botany Pond water. YCT and S- capricornutum
were then added to the beaker as food and the £. dubia were kept In the
beaker overnight. :
Table 1. Composition of the dilution waters tested. 18,
Perrler"" Solution RCW MS Animal Media
(EPA, 1989) (EPA, 1989) (Keating, 1985)
lOZ Perrier** solution: Soft: lOOJK MS Media:*
10% Perrier'"
NaHCOs
(mg/l)
90^ Distilled Water 48 lOf MS Media:
CaS04-2H20 30 10« MS Media*
]0% Perrler** solution Mg504 30 90« Distilled Water
with selenium: KCl 2
lOJIPerrier'" 1.0Z MS Media:
1 Of Distilled Water Mnfierately  Hard: 1.051 MS Media*
Se02(2ug/lSe)
20 38  Perrler** solution:
(mn/l) 99f Distilled Water
NaHCOs
CaS04-2H20
96
60 0.1Z MS Media:
20f Perrler'" MgS04 60 0.1« MS Media*
80SS Distilled Water KCl 4 99.9f Distilled Water
* MS Media
"M" Solution     (ionwt.uq/1)
Disodium EDTA          5000
B(H3B03)                1000
Fe(FeCl3)                 400
Mn(MnCl2.4H20)       200
LI (LiCl)                    100
Rb(RbCl)                  100
Sr (SrCl2-6H20)         100
Br (NaBr)                   50
Mo(Na2Mo04-2H20)      50
Cu (CuCl2-2H20)            25
Zn (ZnCl2)                  25
C0(C0Cl2-2H20)              5
l(KI)                           5
Se(Se02)                    2
V(NH4V03)                  0.5
"S"Solution (wholewt.mq/1)
eiycylglycine            250
NaN03                        50
CaCl2-2H20                  38
MgS04-7H20                 20
Na2Si039H20               10
KCl                              10
K2HP04-3H20                 10
KH2PO4                         10
Vitamin       (whole wt. uq/l)
B12                               1
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Tests were started before the neonates were 24 hr old.
To start the test, one neonate was pipetted Into each of the twelve
replicate cups of each water being tested. When tests where started
with neonates originating from Individual cultures, the neonates were
only used if there were at least eight neonates per female. When tests
where started with neonates originating from mass cultures, the number
of neonates per female could not be determined. Test procedures were
carried out as described for the control (100% dilution water) In the Mini
Chronic Pass/Fail Cerlodaphnia Effluent Toxicity Test (Appendix A). An
outline of this test procedure Is given in Table 2. Food, temperature, and
photoperiod were maintained as previously described for Individual
cultures. The series of initial screening tests done are summarized in
Table 3.
Long-term Culture Experiment
Multiple generations of £. dubia were cultured in different waters
to determine the effect of each water on long-term survival and
reproduction. The following waters were tested: Botany Pond water,
10% Perrler"" solution, 10% Perrier"* solution with selenium dioxide,
20% Perrier"* solution, and RCW. Waters were prepared as previously
described or as referenced (Table 1). All waters were aerated for at
least 24 hr before the start of the experiment.
Neonates used to start the experiment were taken from mass
cultures. The test procedure was the same as for the Initial Screening
Experiments, except that on day 7 the experiment was not terminated.
oTable 2. Outline of the test procedure. Tests were started with neonates less than 24 hrs old.
£. dub la In all cups are fed dally and were transfered to fresh solutions on the second and fifth
days of the experiment. Neonates were counted on the fifth and seventh days of the experiment.
1 neonate/cup
(<24hrs)-x
\   12 cups/   11 Count Neonates\ treatment / Transfer
Feed
Transfer
Feed
Count Neonates
Terminate\or COntrol/ IPeed I Feed Feed iFeed
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
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Table 3. Summary of the Initial Screening Experiments. Tests were started
with neonates originating from either mass cultures (MO or Individual
cultures (lO.
Date Test Started    Neonate Origin Dilution Waters Tested
5/23/90 lie Botany Pond water
\0% Perrier'" solution
lOOIMSAnimal Media
loss MS Animal Media
ISB MS Animal Media
0.1S6 MS Animal Media
5/25/90 IC Botany Pond water
lOfPerrier'" solution
100« MS Animal Media
1058 MS Animal Media
1« MS Animal Media
0.1« MS Animal Media
5/31/90 MC Botany Pond water
lOSKPerrier*" solution
RCW (Moderately Hard)
7/4/90 IC Botany Pond water
lOXPerrier'" Solution
RCW (Soft)
RCW (Moderately Hard)
7/13/90 IC Botany Pond water
105? Perrier'" solution
20S Perrier'" solution
RCW (Soft)
RCW (Moderately Hard)
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Instead, one neonate from each of the twelve replicate cups was
transferred to a new cup containing the same water type. Each of the
twelve cups was lettered, A through L. Neonates were transferred to
cups with the same letter. For example, a neonate was transferred from
cup A to cup A. By transferring neonates In this manner, progeny
originating from a single C, dutlla were followed throughout the entire
experiment. From this point on such progeny will be termed a 'culture
line'. Normally, neonates on day 7 were from the third or fourth brood;
however, neonates from earlier broods were used if necessary. Further,
neonates were usually less than 24 hr old when transferred on day 7.
Some neonates were slightly older because of a faster rate of growth and
development In certain dilution waters, but neonates were never more
than 48 hr old at the time of transfer. Finally, if there was no
reproduction or the adult £. dubia died, a neonate was taken from a
different replicate 'culture line'. The use of neonates from earlier
broods or from different 'culture lines' was noted. Food, temperature,
and photoperiod were maintained as described for individual cultures.
The long-term culture experiment was terminated after 20 weeks.
Sodium Chloride Antagonist Experiments
After culturlng £. dubia in an experimental water for 18 to 20
weeks, tests were done with sodium chloride to determine the effect of
this toxicant on the survival and reproduction of £. dubia cultured In each
dilution water. Neonates used to start this series of experiments were
taken directly from weeks 18 to 20 of the Long-Term Culture
m23.
Experiment. The following dilution waters were tested: Botany Pond
water, 10% Perrler'" solution, 10% Perrler"* solution with selenium, 20%
Perrler'" solution, and RCW. Culture waters were prepared as described
above. After preparation, each water was split Into two separate
containers and a final concentration of 0.5 g/1 of reagent grade sodium
chloride was added to one container. Waters were aerated for 24 hr
before use.
Neonates used to start the experiment were taken from weeks 18
to 20 of the long-term culture experiment. Only neonates from the third
or fourth broods were used. The experiment was started by pipetting
neonates less than 24 hr old from a test water In the long-term culture
experiment Into one of 24 cups containing 15 ml of the same water type.
Only half the cups contained sodium chloride. Experimental procedures
were then carried out as described for the Mini Chronic Pass/Fall
Cerlodaphnia Effluent Toxicity Test (Appendix A). Food, temperature, and
photoperlod were maintained as described above for individual cultures.
RESULTS
Initial Screening Experiments
Survival
Survival varied both with the dilution water and, to a lesser
extent, with the test date (Table 4). Variance in the outcome with the
different test dates suggests temporal variability in the health of the
animal. Although this temporal variability cannot be corrected for,
general inferences about survival in different dilution waters can still
be made. Survival was greatest in 20% Perrier"* solution (100%) and
moderately hard RCW (100%). Survival was slightly lower in Botany Pond
water (average: 98%), 10% Perrier'^ solution (average: 98%), soft RCW
(average: 95%), and 100% MS Animal Media (average: 87%). Survival was
lowest in dilution waters composed of 1.0 and 10% MS Animal Media
(average: 24%). Finally, there was no survival in 0.1% MS Animal Media,
Reproduction
As in survival, reproduction varied both with the dilution water
and the test (Table 5). Reproduction for all weeks was the greatest in
Botany Pond water (average: 20.3 neonates/C MiiA). 20% Perrier'*'
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Table 4 Average survival i%) during each Initial Screening Experiment and
average survival for all Initial Screening Experiments combined for a dilution
water.
Dilution
Water
Test
Date
5/23/90 5/25/90 5/31/90 7/4/90 7/13/90 Average
Botany Pond water 92 100 100 100 100 98
1 Of Perrjer'" solution 100 100 92 100 100 98
20f Perrier*" solution 100 100*
RCW (Soft) 91 100 95
ROW (Mod. Hard) 100 100 100 100
MS Animal Media (lOOSE) 83 91 87
MS Animal Media (105?) 45 4) 43
MS Animal Media (1«) 0 8 4
MS Animal Media (0.1«) 0 0 0
only tested one week
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Table 5. Average reproduction (neonates/L Mlla/week) during each initial
Screening Experiment and average reproduction with (standard deviation)
for all Initial Screening Experiments combined for a dilution water.
Dilution
Water
Test
Date
5/23/90 5/25/90 5/31/90 7/4/90 7/13/90 Average
(SD)
Botany Pond water 13.3 26.6 16.3 22.9 22.5 20.3
(6.0)
101 Perrler** solution 20.8 21.3 17.6 18.8 17.9 19.3
(5.0)
20^ Perrler'" solution 20.3 20.3 »
(1.91)
RCW (Soft) 18.2 18.4 18.3
(5.1)
ROW (Mod. Hard) 12.9 18.9 22.2 18.0
(4.8)
MSAnimal Media (1002) 5.6 9.9 7.8
(3.7)
MS Animal Media (10«) 3.5 7.6 5.6
(3.3)
MS Animal Media (1.0«) - 0 0
MS Animal Media (0.12) - - 0
only tested one week
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solution (20.3 neonates/C duUla), 10% Perrler"" solution (average: 19.3
neonates/C dutiia), soft RCW (average: 18.3 neonates/L dubla). and
moderately hard RCW (average: 18.0 neonates/C Mil2). Reproduction
was lower In 100% MS Animal Media (average: 7.8 neonates/L dubla) and
10% MS Animal Media (average: 5.6 neonates/^, dubla). There was no
reproduction in 1.0% and 0.1% MS Animal Media.
Long-term Culture Experiment
Survival
L dubia survived for up to 20 weeks in all the waters (Fig. 1).
A Friedman two-way ANOVA was used to determine if survival was
significantly different for C. dubia cultured in different dilution waters
(Slegel, 1956). This test compared weekly survival during the entire
twenty weeks of the experiment. The null hypothesis was that weekly
survival would not be significantly different for £. diMa cultured In the
different dilution waters. Rejection of the null hypothesis led to a
Wilcoxon matched-pairs signed-ranks test (EPA, 1989). This test was
appropriate for two sample cases, and determined In which dilution
waters survival was significantly different.
Survival was greatest In Botany Pond water (average: 99%).
Survival was lower in 10% Perrler"" solution with selenium (average:
98%), 10% Perrier"* solution (average: 97%), 20% Perrier'" solution
(average; 97%), and RCW (average: 97%). In all the waters, mortality
28.
Fig. 1  Average percent survival of £. dubia replicates (n = 12) cultured in
different dilution waters: (a) Botany Pond water; (b) 10% Perrier"" solution;
(c) 10% Perrier"* solution with selenium; (d) 20% Perrier™ solution; (e)
RCW. A line at 80% survival indicates minimum survival needed by L dubia
In the control water for a Mini Chronic Pass/Fail Toxicity Test to be valid.
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occurred primarily during the last ten weeks of the experiment. The
Friedman two-way ANOVA Indicated no difference In survival between
the dilution waters (Chlp^ = 3.12).
Reproduction
Number of Broods. The twelve C. dubia cultured in each dilution
water produced from zero to four broods per week (Fig. 2). £. dubia
almost always produced at least one brood per week when cultured in
each dilution water (Fig. 2). Single broods were produced mostly during
the first few weeks of the experiment. There was no apparent difference
in the number of single broods occurring in the different dilution waters.
However, the frequency remained low, and single broods were produced
by an average of only 2% of the £. dubia replicates per week. Two broods
were produced sporadically by C. dubia cultured in each of the different
dilution waters. In Botany Pond and RCW, the frequency of two broods
increased after the eighth or ninth week of the experiment. Most £. dubia
produced three to four broods a week, though the frequency of third and
fourth brood production varied. In Botany Pond water, three broods were
produced by an average of 73% of the £. dytiilreplicates per week. Four
broods were produced by an average of 3% of the £. Mlilreplicates per
week. In the other dilution waters, three broods were produced by an
average of 56% of the L dubia replicates per week. Fourth broods were
produced after the first one to two weeks of the experiment by
approximately 45% of the L iMiiareplicates per week until week ten or
twelve. After that time, the production of fourth broods decreased for
eS '
» s
e T3
31.
Fig. 2 Number of broods produced each week by £. dubia replicates cultured
In different dilution waters: (a) Botany Pond water; (b) 10% Perrler™
solution; (c) 10% Perrier™ solution with selenium; (d) 20% Perrier"'
solution; (e) RCW. The number of broods produced by the replicates is
indicated as follows: ( ͣ) no broods; (S) first brood; ( ͣ) second brood; (^
third brood; (a) fourth brood.
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the C. dubia cultured In 10% Perrier"" solution with selenium, 20%
Perrler"* solution, and RCW. The proportion of second and third broods
increased as the production of fourth broods decreased. In 10% Perrler***
solution L dubia continued to produce fourth broods at a relatively
constant rate until the termination of the experiment.
Brood Size. The average weekly brood size of broods one through
three was plotted for L dubia cultured In each dilution water during the
Long-term Culture Experiment (Figs. 3 to 7). Fourth broods were not
plotted because of the low frequency of occurrence.
A Friedman two-way ANOVA was used to determine If brood size
was significantly different for C. dubia cultured In any of the different
dilution waters (Slegel, 1956). This test compared the average weekly
brood size during the entire twenty weeks of the experiment. The null
hypothesis was that weekly brood size would not be significantly
different for C. dubia cultured In the different dilution waters.
Rejection of the null hypothesis led to a Wllcoxon matched-pairs slgned-
ranks test (EPA, 1989). This test was appropriate for two sample cases,
and determined In which dilution water pairs brood size was
significantly different (EPA, 1989).
First and second brood sizes were not significantly different when
L dubia were cultured In different dilution waters (Chlr^ = 2.35 and
3.46, respectively). There was, however, a significant difference In the
third brood size (Chlp^ = 13.43). Palrwise comparisons with the
Wllcoxon signed-rank test Indicated no significant difference In third
brood size between
34.
Fig. 3 Average brood size of £. dubia cultured In Botany Pond water
(a) first brood; (b) second brood; (c) third brood. Standard deviation Is
Indicated by error bars.
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Ftg. 4 Average brood size of L dullia cultured in 10% Perrier"' solution:
(a) first brood; (b) second brood; (c) third brood. Standard deviation Is
indicated by error bars.
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Fig. 5 Average brood size of L dubla cultured in 10% Perner" solution with
selenium: (a) first brood; (b) second brood; (c) third brood. Standard
deviation is Indicated by error bars.
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Fig. 6 Average brood size of C. dubia cultured in 20% Perrier"* solution:
(a) first brood; (b) second brood; (c) third brood. Standard deviation is
indicated by error bars.
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Fig. 7 Average brood size of C. MJl cultured in RCW; (a) first brood;
(b) second brood; (c) third brood, Standard deviation is Indicated by error
bars.
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third brood Size (Chip^ = 13.43). Pairwise comparisons With the
Wilcoxon signed-rank test indicated no significant difference in third
brood size between
C, dubia cultured in 10% Perrier"* solution, 10% Perrier™ solution with
selenium, and 20% Perrier*" solution ( z = -1.43 to -0.55)(Table 6).
However, third brood size was significantly lower when £, dubia were
cultured in Botany Pond water (z = -3.00 to -2,42), In addition, the third
brood size was significantly lower in RCW than in either 10% Perrler'"
solution with selenium (z = -2.26) or 20% Perner'" solution (z = -2.22).
There was no significant difference in the third brood size between £.
dubia cultured m RCW and 10% Perrier"* solution (z = -1.31) or Botany
Pond water (z = -0.36).
Reproduction in Each 'Culture Line'. The total number of neonates
produced by each replicate £.. dubia during the first three broods was
plotted for the Long-term Culture Experiment (Figs. 8 to 12).
Reproduction was plotted separately for each of the replicates
designated A through L.
A Friedman two-way ANOVA was used to test for differences in
reproduction between the twelve replicates cultured In each dilution
water (Siegel, 1956). Reproduction was compared for the entire length
of the multigenerational experiment or until the death of a replicate.
The null hypothesis was that reproduction in different 'replicate lines'
would not be different when C. dubia were cultured in the same dilution
40.
Table 6. Results of Wilcoxon signed-rank tests comparing third brood size
of £. dubia cultured in each d1 lutlon water.
Botany
Pond
water
]0%
Perrier'"
solution
]0%
Perrier'"
solution
+ Se
20f
Perrier'"
solution
lOJIPerrier'" solution -2.67*
lO^Perrier'" solution+ Se -2.42* -1.30
20^ Perrier'" solution -3.00* -1.43 -0.55
RCW(Soft) -0.36 -1.31 -2.26* -2.22*
Wilcoxon matched-pairs signed-ranks test: * = significant at alpha i 0.05
41.
Fig. 8 Number of neonates produced in the first three broods by individual £.
dubia replicates cultured in Botany Pond water.
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Fig. 9 Number of neonates produced in the first three broods by Individual L
dubia replicates cultured in 10% Perner*" solution.
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Fig. 10 Number of neonates produced in the first three broods by individual
C diiliiareplicates cultured in 10% Perrier"' solution with selenium.
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Fig. 11  Number of neonates produced in the first three broods by individual
£. diitlareplicates cultured In 20% Perrier*" solution.
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Fig. 12 Number of neonates produced in the first three broods by Individual
£. dubia replicates cultured in RCW.
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In Botany Pond water, reproduction varied among replicates
(Fig. 8). There was an initial Increase In reproduction in all £. dub la
replicate cups except A, K, and L Reproduction decreased after six to
eight weeks for all L dulala except in replicate cup C where reproduction
decreased on week nineteen. After decreasing, reproduction remained
lower throughout the remainder of the experiment. Reproduction
decreased after L dubia in cup A was replaced with a neonate from
another 'culture line' in the same dilution water, but remained relatively
constant for £. dubia in replicate cup B. The Friedman two-way ANOVA
indicated no difference in reproduction among the twelve replicates for
Q,. dubia cultured In Botany Pond water (Chlp^ = 7.48).
In 10% Perrler"*" solution, reproduction Increased Initially for all
£. dubia replicates, except those cultured In replicate cups D, E and L
(Fig. 9). After the Initial Increase, reproduction remained relatively
constant for replicates In which the £. dubia survived the entire
experiment (replicate cups B, C, F, H, I, J, K). Reproduction also remained
relatively constant when C. dubia were replaced (replicate cups A, D, E,
6, L). The Friedman two-way ANOVA Indicated no difference In
reproduction among the twelve replicates for £. diJMa cultured In 10%
Perrler"* solution (Chlr^ = 7.32).
In 10% Perrier™ solution with selenium, reproduction Increased
initially for £. dubia in all replicates except In cup E (Fig. 10). In
replicate cup E reproduction decreased on week two before Increasing.
L dubia in replicate cups B and C were not included because of deaths
during the first and second weeks, respectively. After increasing,
62.
reproduction remained approximately constant until the termination of
trie experiment in replicate cups A, I, and K. Reproduction generally
decreased in cups B, C, and L, even after replacement. The Friedman two-
way ANOVA indicated no difference in reproduction among the twelve
replicates for C dubia cultured in ]0% Perrier"" solution with selenium
(Ch1r2 = 4.15).
In 20% Perrier"" solution, reproduction increased initially for
Q, dubia in replicate cups D, E, F, H, I, J, and K, but remained
approximately the same in cup L (Fig. II). £. dubia in replicate cups A,
B, C, and G were not included because of death or lacl< of reproduction
during the first few weel<s of the experiment. Reproduction varied with
time but remained approximately the same until the termination of the
experiment in cups E and H, and after replacement in cups C, D, F, G, J, K,
and L. Reproduction decreased for
L iliMa in replicate cups B and I. The Friedman two-way ANOVA
Indicated no difference In reproduction among the twelve replicates for
L dubia cultured in 20% Perrier™ solution (Chip^ = 7.93).
In RCW, reproduction increased Initially for£. dubia in replicate
cups A, B, E, F, H, I, J, and K (Fig. 12). There was a trend of decreasing
reproduction in all replicates after the Initial Increase. The Friedman
two-way ANOVA indicated a significant difference in reproduction among
£. dubia replicates (Chlp^ = 1493). Because of this significant
difference, a series of Wilcoxon signed-rank tests were done on all
possible replicate pair combinations to determine which replicate pairs
are significantly different (Table 7). Reproduction of £. dubia cultured in
63
TaDle 7. Results of wilcoxon matched-pairs signed-ranKs tests comparing
reproduction in replicate pairs A through L in RCW.
A B 0 D E F e H 1 J K
B 2.40*
C 1.03 0.79
D 0.14 2.07* 0.87
E 1.18 1.19 0.59 1.45
F 1.01 1.90 0.83 1.01 1.25
G 1.88 0.04 1.07 2.44* 0.89 1.49
H 2.51* 0.47 1.05 2.18 1.52 1.78 0.05
1 2.42* 0.08 1.29 1.58 1.49 2.14* 0.08 0.14
J 0.89 0.90 0.04 0.04 0.31 0.34 0.87 1.55 2.02*
K 1.09 1.22 0.21 0.26 0.82 0.65 1.17 1.74 1.81 0.21
L 0.95 0.84 0.62 0.80 0.05 1.70 1.04 1.14 0.35 0.00 0.53
Wilcoxon Matched-Pairs Signed-Ranks Test: * = significant at alpha i 0.05
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replicate cup A was significantly lower than In cups B, H, and I (z = 2.40
to 2.51). Reproduction In replicate cup D was significantly lower than in
cups B, 6, and H (z = 2.G7 to 2.44). Finally, reproduction In replicate cups
F and J was lower than In cup I (z = 2.02 to 2.14).
Reproduction In Each Dilution Water (Broods one through three).
The total number of neonates In the first three broods was averaged for
£. dubia cultured in each dilution water and plotted for each week of the
multlgeneratlonal experiment (Fig. 13). After an Initial Increase in
reproduction during the first one to two weeks of the experiment,
reproduction was cyclical for L Miiacultured in \0% Perrler"" solution,
10^ Perrler™ solution with selenium, and 20% Perrler"" solution.
Reproduction decreased for C. dubia cultured In Botany Pond water and
RCW. The average weekly reproduction In Botany Pond water decreased
from 21.8 neonates/C. dubia on the third week of the experiment to 8.5
neonates/£.. dubia at the end of the experiment. Average weekly
reproduction In RCW decreased from 23.8 neonates/^, dubia on the third
week of the experiment to 14.7 neonates/£.. dubia at the end of the
experiment.
A Friedman two-way ANOVA was used to test whether
reproduction differed for C. dubia cultured in different dilution waters
(Siegel, 1956). If reproduction was significantly different, a Wilcoxon
signed-rank test was used to determine In which dilution waters
reproduction was different (EPA, 1989). Reproduction was significantly
different when all treatments were tested with the Friedman two-way
ANOVA (Chir2= 15.64). ,.,.
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Fig. 13 Average number of neonates produced in the first three broods by
C dubia cultured in different dilution waters: (a) Botany Pond water;
(b) 10% Perrier"* solution; (c) 10% Perrier"' solution with selenium; (d) 20%
Perrier"' solution; (e) RCW. Standard deviation is indicated by error bars. A
line at 15 neonates per replicate indicates minimum reproduction needed by
£. dubia in the control water for a Mini Chronic Pass/Fail Toxicity Test to be
valid.
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Palrwlse comparisons with the Wllcoxon signed-rank test
indicated no significant difference In reproduction between £. dubia
cultured In 10% Perrler'" solution, 10% Perrler"' solution with selenium,
and 20% Perrier'" solution (z = -0.60 to -0.04)(Table 8). Reproduction
was significantly lower when C. dubia were cultured in Botany Pond
water (z = -2.71 to -2.05) and RCW (z = -2.73 to -2.35). There was no
significant difference in reproduction between £. iMiia cultured in
Botany Pond water and RCW (z =-0.12).
The average weekly reproduction for the twenty weeks of the
multigeneratlonal experiment was determined for C. dubia cultured in
each dilution water (Fig. 14). Average weekly reproduction was greatest
in 10% Perrier"* solution with selenium and 20% Perrier"* solution
(average: 19.4 neonates/^. MilA). slightly lower in 10% Perrler"*
solution (average: 19.3 neonates/£. dubia). and lowest in Botany Pond
water (average: 17.2 neonates/C Mila) and RCW (16.6 neonates/£.
Reproduction in Each Dilution Water (Broods one through four).
The average total number of neonates produced in the first four broods in
each dilution water was plotted for each week of the multigeneratlonal
experiment (Fig. 15). Although the fourth brood is not analyzed in the
Mini Chronic Pass/Fail Cerlodaphnia Effluent Toxicity Test, its inclusion
may provide further information about the characteristics of the
different dilution waters. Reproduction Increased during the first one to
two weeks of the experiment. Increases were greater than those for
68.
Table 8. Results of Wllcoxon signed-rank tests comparing reproduction
(broods one through three) of L dutilacultured in each dilution water.
Botany
Pond
water
10^
Perrier**
solution
]0%
Perrier**
solution
+ Se
20«
Perrier'"
solution
10f Perrier** solution -2.71*
lOfPerrier'" solution+ Se -2.05* -0.60
20f Perrler'" solution -2.28* -0.04 -0.04
RCW (Soft) -0.12 -2.65* -2.35* -2.73*
Wllcoxon matched-pairs signed-ranks test: * = significant at alpha i 0.05
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Fig. 14 Pooled average of the number of neonates produced weekly in the
first three broods by £. dub la cultured in different dilution waters.
Standard deviation is indicated by error bars.
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Fig. 15 Average number of neonates produced in the first four broods by
£, dubia cultured in different dilution waters: (a) Botany Pond water;
(b) ]0% Perher" solution; (c) \0% Perrier" solution with selenium; (d) 20%
Perrier'" solution; (e) RCW.
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broods one through three, primarily because the production of fourth
broods began after the first or second weel< of the experiment. For L
Miiacultured in ]0% Perrier™ solution, \0% Perrier"* solution with
selenium, and 20% Perrier"* solution, reproduction was cyclical after
initial Increases. For £. dubia cultured in Botany Pond water and RCW,
reproduction decreased after initial increases. Average weel<ly
reproduction in Botany Pond water decreased from 22.8 neonates/^, dubia
on weel< three of the experiment to 8.5 neonates/L dubia at the end of
the experiment. Average weel<ly reproduction in RCW decreased from
29.7 neonates/L dubia on weel< three of the experiment to 13.8
neonates/L dubia at the end of the experiment.
Differences in average reproduction between L dubia cultured in
each dilution water were tested in the same manner as for reproduction
in the first three broods. Reproduction was significantly different when
all treatments were tested with the Friedman two-way ANOVA (Chlp^ =
19.99). Palrwlse comparisons with the Wllcoxon signed-ranl< test
indicated no significant difference In reproduction between L dubia
cultured In 10% Perrler"* solution, 10% Perrier"' solution with selenium,
and 20% Perrler"* solution (z = -0.02 to -1.43)(Tab1e 9). Reproduction
was significantly lower In RCW than in 10% Perrler™ solution (z =
-2,10). There were no other significant differences between the
reproduction of L dubia cultured in RCW and the other dilution waters (z
= -1.55 to -0.96). Reproduction was significantly lower In Botany Pond
water than In the other dilution waters (z = -3.67 to -2.79), with one
exception; there was no significant difference In reproduction between
73.
Table 9. Results of Wilcoxon sIgned-rank tests comparing reproduction
(broods one through four) of L Milacultured In each dilution water.
Botany
Pond
water
]0%
Perrler""
solution
Perrler'"
solution
+ Se
20JB        1
Perrier'"
solution
lOJKPerrler'" solution -3.67*
lOJgPerrler'^ solution + Se -2.79* -1.02
20f Perrler'" solution -3.05* -1.43 -0.02
RCW (Soft) -1.55 -2.10* -0.96 -1.20
Wilcoxon matched-pairs slgned-ranks test: * = significant at alpha i 0.05
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L dubia cultured in RCW and Botany Pond water (z = -1.55),
The average weekly reproduction for the twenty weeks of the
multigenerational experiment was determined for £. dubia cultured In
each dilution water (Fig. 16). Average weekly reproduction was highest
in \0% Perrier"* solution (average: 22.6 neonates/L dubia). slightly
lower in 10% Perrier™ solution with selenium (average: 21.9
neonates/^, dubia). 20% Perrier™ solution (21.8 neonates/!!, dubia), and
RCW (20.1 neonates/^, dubia). and lowest in Botany Pond water (average:
17.9neonates/£.iMil2l.
Change in Reoroduction in Each Dilution Water (Bropds one through
three). The absolute value of the change In average weekly reproduction
was plotted for the multigenerational experiment (Fig. 17). By
determining weekly changes, temporal variations In the reproduction of
£. dubia cultured in each dilution water could be evaluated. Weekly
changes In reproduction were generally the greatest during the first one
or two weeks of the experiment In all dilution waters. After the first
couple of weeks, there were no apparent temporal trends In any of the
dilution waters,
A Friedman two-way ANOVA was used to test whether the weekly
change in reproduction differed for C. dubia cultured in different dilution
waters (Slegel, 1956). If significantly different, palrwise comparisons
were done using a Wllcoxon signed-rank test to determine In which
dilution water the change was significantly different (EPA, 1989). There
was no significant difference when all treatments were tested with the
Friedman two-way ANOVA (Chir2 = 2.71).
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Fig. 16 Pooled average of the number of neonates produced weekly in the
first four broods by L dubia cultured in different dilution waters. Standard
deviation is indicated by error bars.
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Fig, 17 Absolute value of the change In the average number of neonates
produced weel<ly in the first three broods by £. dub la cultured In different
dilution waters: (a) Botany Pond water; (b) 10% Perrler'" solution; (c) 10%
Perrier" solution with selenium; (d) 20% Perrier"' solution; (e) RCW.
Standard deviation is indicated by error bars.
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The average weel<ly change in reproduction was determined for
£. dubia cultured in each dilution water (Fig. 18). Average weekly change
was greatest in RCW (average: 3.9 neonates/week), lower in 20%
Perrier™ solution (average: 2.6 neonates/week), Botany Pond water
(average: 2.5 neonates/week), and Perrier™ with selenium (average:
2.4 neonates/week), and lowest in 10% Perrier"** solution (average:
2.3 neonates/week).
Sodium Chloride Antagonist Experiments
Survival
The effect of the NaCl on the survival of Q. dubia replicates was
dependent upon both the dilution water and the test (Table 10).
Responses to the antagonist are Indicative of the health of the £. dubia
cultured in a dilution water. Variance in the outcome of different tests
suggests temporal variability in the health of the animal. There was no
relationship between survival in the Sodium Chloride Antagonist
Experiments and survival in the Long-term Culture Experiment during the
weeks in which neonates were taken to start the experiments, so
temporal variability cannot be explained. However, general inferences
about survival can be made.
A Fisher's Exact Test was used to determine if survival decreased
significantly with the addition of NaCl (EPA, 1989). By determining in
which dilution waters the decrease in survival was significant, the
health of the £. MtlS. cultured in that water could be evaluated. The
79.
Fig. 18 Pooled average of the absolute value of change In the average
number of neonates produced weekly In the first three broods by £.. dub I a
cultured In different dilution waters. Standard deviation is Indicated by
error bars.
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Table 10. Comparison of replicate survival in different dilution waters
with and without the addition of NaCl.
Dilution
Water
Test
Date
Survlv
Without
NaCl
al(%)
With
NaCl
Decrease
m
Survival {%)
Botany Pond water 11/27/90 100 83 17
lOXPerrier'"
solution
11/27/90 83 50 33
12/04/90 83 83 0
12/11/90 92 92 0
]0% Perrier'"
solution with Se
11/27/90 83 42 42*
12/04/90 100 100 0
12/11/90 92 83 8
20« Perrier'"
solution
11/27/90 100 83 17
12/04/90 100 100 0
12/11/90 100 100 0
RCW 12/04/90 100 58 42*
12/11/90 100 50 50**
Fisher's Exact Test: * = significant at alpha i 0.05; ** = significant at alpha i 0.01
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Fisher's Exact Test was done as described In Short-Term Methods for
Estimating the Chronic Toxicity of Effluents and Receiving Waters to
Freshwater Organisms <EPA, 1989). Significance was tested at P < 0.05.
It was used here to determine if a dilution water could affect the test's
outcome at the significance level tested by the state of North Carolina
(Appendix A).
Upon the addition of NaCl, the greatest decrease In survival was
for L dubia cultured In RCW (range: - 42 to - 50%). This decrease was
significant for both tests. Survival also decreased significantly In one
of the three tests of 10% Perrier'" solution with selenium (11/27/90).
There were no other significant decreases In survival with the addition
of NaCl. When survival was averaged for all tests of a dilution water,
the decrease was greatest in RCW (average: - 46%), less In Botany Pond
water (- 17%), 10%Perrier"' solution with selenium (average: -17%),
and 10% Perrler"' solution (average: -11%), and the least In 20%
Perrler"' solution (average: - 6%).
Reproduction
Reproduction always decreased with the addition of NaCl (Table
11). Because survival did not always decrease with the addition of NaCl,
reproduction may be more sensitive to this toxicant. The affect of the
toxicant upon reproduction varied with both the dilution water and the
test. As with survival, variation in reproduction with each test did not
correspond to weekly variation In reproduction In the Long-term Culture
Experiment.
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Table 11.. Comparison of average reproduction In different dilution waters
with and without the addition of NaCI.
Dilution
Water
Test
Date
Reprod
(neonates/C.
Without
NaCI
uctlon
dubia/week)
With
NaCI
Decrease
In
Reproduction
Botany Pond water 11/27/90 21.6 17.2 20*
lOf Perrler'"
solution
11/27/90 12.4 8.8 33
12/04/90 14.8 14.4 3
12/11/90 22.8 19.6 14
]0% Perrler**
solution with Se
11/27/90 8.4 5.2 38
12/04/90 15.8 15.7 1
12/11/90 20.8 18.2 13
20f Perrier*^
solution
11/27/90 19.8 19.1 3
12/04/90 21.1 15.7 10*
12/11/90 20.5 17.6 14
RCW 12/04/90 13.6 6.3 54*
12/11/90 12.9 7.6 41*
Wilcoxon Rank-Sum Test: * = significant at alpha i 0.05
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A Wilcoxon ranl<-sum test was used to determine if reproduction
decreased significantly with the addition of NaCl. This test was done as
described in Short-Temn Methods for Estimating the Chronic Toxicity of
Effluents and Receiving Waters to Freshwater Organisms (EPA, 1989).
Because the State of North Carolina tests reproduction at the P < 0.01
significance level for chronic tests, significance was tested at both the
P< 0.05 and 0.01 levels.
Upon the addition of NaCl, the greatest decrease in reproduction
was for £. dubia cultured in RCW (range: - 41 to - 54%). This decrease
was significant for the first test (12/04/90) at the P < 0.01 significance
level, and for the second test (12/11/90) at the P < 0.05 significance
level. The decrease In reproduction was also significant in one of three
tests with 20% Perrier'" solution (12/04/90) at the P < 0.01
significance level. Finally, reproduction decreased significantly in
Botany Pond water at the P < 0.05 significance level. The percent
decrease in reproduction was greater in 10% Perrler"' solution with
selenium (11/27/90, - 38%) and 10% Perrier"' solution (11/27/90, -
29%) than in Botany Pond water (- 20%), but these decreases were not
significant because of low reproduction in controls. Average
reproduction decreased the most in RCW (average: - 47%). Average
reproduction decreased less in Botany Pond water (- 20%), 10% Perrler"*
solution with selenium (average: - 17%), and 10% Perrier'" solution
(average: -15%). Finally, average reproduction decreased the least in
20%Pemer"' solution (average: - 14%).
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Neonate Survival
The survival of neonates produced during the Sodium Chloride
Antagonist Experiments varied with the dilution water and the week the
experiment was initiated (Table 12). However, neonate survival
remained between 97.4 and 100% in all the dilution waters. Although
neonate survival always decreased with the addition of NaCl, the
magnitude of decrease varied with the dilution water.
A Fisher's Exact Test was used to determine if survival decreased
significantly with the addition of NaCl (EPA, 1989). To test for a
significant decrease, the proportion of neonates surviving in replicates
not containing NaCl were compared to those containing NaCl. Tests were
done at the P < 0.05 significance level.
Neonate survival decreased significantly in all tests of RCW
(range: - 46 to - 47%), 10% Perrier"" solution (range: - 10 to - 37%),
Botany Pond water (- 17%), and 10% Perrier'*' solution with selenium
(range: - 11 to - 16%), Survival did not decrease significantly when
NaCl was added to the 20% Perrier"* solution (range: - 2 to - 3%).
Average survival decreased the most in RCW (average: - 46%),
less in 10% Perrler"* solution (average: - 21%), Botany Pond water
(average: - 17%), and 10% Perrier™ solution with selenium
(average: - 13%), and the least In 20% Perrier"* solution (average: - 2%).
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Table 12. Comparison of neonate survival in different dilution waters with
and without the addition of NaCl.
Dilution
Water
Test
Date
Surviv
Without
NaCl
'al(%)
With
NaCl
Decrease
in
Survival (%)
Botany Pond water 11/27/90 100 83 17*
W% Perrier'"
solution
11/27/90 99 62 37*
12/04/90 99 89 10*
12/11/90 100 84 16*
lO^Perrier'"
solution with Se
11/27/90 100 89 11*
12/04/90 100 84 16*
12/11/90 97 85 12*
20SB Perrier'"
solution
11/27/90 100 98 2
12/04/90 100 98 2
12/11/90 100 97 3
RCW 12/04/90 99 52 47*
12/11/90 97 53 44*
Fister's Exact Test: * = significant at alpha i 0.05
DISCUSSION
In order for the Mini Chronic Pass/Fail Toxicity Test to be valid, at
least 80% of £.. dubia In the control must survive, and reproduction in the
control must average at least 15 neonates per replicate. These
standards are designed to ensure that C dubla used in the Chronic Test
are healthy, but they are also useful in evaluating the suitability of
dilution waters tested in the present experiment. Lines are drawn on the
graphs of survival and reproduction (see Figs. 1 and 13) to allow
comparison to the above standards for each week of the Long-term
Culturlng Experiment. But to facilitate the comparison between dilution
waters, average survival and reproduction in both the Initial Screening
Experiments and the Long-term Culture Experiment are summarized in
Table 13.
The initial Screening Experiments evaluated £. dubia survival and
reproduction over a seven day period. Because this experiment only
lasted seven days, most effects on survival and reproduction would
result from immediate stresses, such as a gross lack of calories or
nutrients, physiological stresses, or toxicity. In all dilution waters
except the 10%, 1%, and 0.1% concentrations of MS Animal Media, average
survival remained above 80%. Reproduction was greater than 15
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Table 13. Summary of C. dubia survival and reproduction in each experiment.
Dilution
Water
Initial S
Experi
Survival
creening
ments
Reproduction
(neonates/
£. dulJifl/week)
Long-
Culture E>
Survival
term
<periment      1
Reproduction
(neonates/
C. dubta/week)
Botany Pond water 98 20.3 99 17.2
lOSBPerrler'" solution 98 19.3 97 19.3
lOf Perrier'»wtthSe 98 19.4
20^ Perrler'" solution 100 20.3 97 19.4
RCW(Soft) 96 18.3 97 16.6
RCW (Mod. Hard) 100 18.0
MSAn. MediadOOSg) 88 7.8
MS An. Media (1 Of) 44 5.6
MS An. Media (155) 4 0
MSAn. Media (0.1 !S) 0 0
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Dilution
Water
c
Anta
Survival
ͨOdium Chloricl(
gonist Experim
Reproduction
(neonates/
Q. dubia/week)
ents
Neonate
Survival
Botany Pond water 83 79.6 83
1051 Perrier'" solution 87 14.3 79
10^Perrier'"w1thSe 80 82.9 87
20f Perrier'" solution 94 85.6 98
RCW (Soft) 54 52.6 54
RCW (Mod. Hard)
MS An. Media (IOCS)
MSAn. Media (10«)
MS An. Media (1«)
MSAn. Media (0.1 X)
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neonates when C. dub I a were cultured In all dilution waters except MS
Animal Media.
The reason for the low levels of survival and reproduction In MS
Animal Media Is unclear. Keating (1985) successfully cultured both
Daphnia oulex and Daphnla magna In 100% MS Animal Media, and
suggested that this media may be useful for general daphnid culture. The
results of the present experiment and those of Cowgill, sial (1985)
suggest that MS Animal Media may need to be modified before It can be
used to culture £. dubia. Because of the low levels of survival and
reproduction MS Animal Media was not tested further.
The Long-term Culture Experiment evaluated the survival and
reproduction of L ilubiacultured in the different dilution waters for
twenty weeks. Although Winner (1989) indicated the importance of
testing dilution waters for multiple generations, such studies have
rarely been done. Evaluating robustness over multiple generations is
Important because it allows time for more subtle problems, such as
those caused by a deficiency in nutrients, to become apparent.
When cultured for twenty weeks, survival averaged greater than
95% In all the media tested. Survival In Botany Pond water was the
greatest, averaging 99%. For all the waters tested, this is well above
the 80% survival required by the Mini Chronic Pass/Fall Toxicity Test.
Reproduction averaged above the required 15 neonates per week In all
dilution waters, even though It decreased In all dilution waters during
the experiment. Decreases in reproduction were greatest in Botany Pond
water and RCW^ causing average reproduction to be lowest in these
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waters. The low reproduction In Botany Pond water and the high rate of
survival (99%) suggests that survival and reproduction may not be
controlled by the same determinants, and that both must be considered
when evaluating a dilution water.
Weekly and temporal variability In reproduction were also
measured In the Long-term Culture Experiment. Weekly variability Is the
amount of scatter around the weekly mean reproduction as measured by
the standard deviation (see Fig. 14). Temporal variability Is the amount
of the weekly change In mean reproduction (see Fig. 18). Inherent to
temporal variability Is the assumption of a time-dependent process
affecting reproduction. A dilution water that minimizes both of these
variabilities Is the most deslreable because It Increases the confidence
in the outcome. In this experiment, there was no significant difference
In either measure of variability between the different dilution waters.
However, both weekly and temporal variability were high In all the
dilution waters (see Figs. 14 and 18). Because all conditions were
maintained as constant as possible throughout the entire experiment, It
is reasonable to assume that much of this variability may be Inherent to
L dubia or for some other reason cannot be controlled. Whatever the
explanation. If this variability cannot be reduced only a limited amount
of confidence can be placed In Individual outcomes of the Mini Chronic
Pass/Fall Toxicity Test.
The sensitivity of Q, dubia to NaCl was tested to evaluate the
robustness of £. Mil cultured In different dilution waters (Table 13).
NaCl was used as the reference toxicant because, unlike metals such as
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Cu, its toxicity is not dependent upon characteristics of the dilution
water such as hardness or pH (Snoeyink and Jenkins, 1985). Further, it is
reasonable to assume the effect of NaCl is due to toxicity and not
osmotic stress. This conclusion is reasonable because wastewaters
with much higher conductivities than produced by 0.5 g/1 of NaCl have
been tested in our laboratory without affecting £. dubia survival or
reproduction.
Although survival and reproduction are the most commonly used
indicators of C. dubia robustness, they may not be the most relevant.
Survival and reproduction do not demonstrate the sensitivity of the
daphnids to toxicant stress (Dorn and Rodgers, 1989). Testing the
sensitivity of L dUbla to a toxicant replicates the procedure used by the
Mini Chronic Pass/Fail Toxicity Test and may therefore be the most
relevant method for evaluating robustness. In this test, replicate
survival, reproduction, and neonate survival were evaluated. Although
the Mini Chronic Pass/Fail Toxicity Test does not evaluate neonate
survival, it was included in this experiment because it provided another
method by which to evaluate robustness.
Replicate survival, reproduction, and neonate survival were least
affected by NaCl when C. dubia were cultured in 20% Perrler"* solution,
and most affected when £. dubia where cultured in RCW (Table 10). For £.
diMa cultured in Botany Pond water and the 10% Perrier"* solutions,
replicate survival, reproduction, and neonate survival fell between these
two extremes. The addition of selenium to the Perrier"* solutions did
not affect the sensitivity of theCdutilatOrNaCl.M,     ,>^        .     ,;
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Several conclusions can be made about the dilution waters from
the above experiments. First, 20% Perrier"' solution was the best
dilution water in the present experiments because survival and
reproduction were consistently above minimum acceptable levels.
Further, as indicated by survival reproduction, C. dubia were the most
resistant to NaCl. At this point, a distinction must be made. It is
generally desirable to choose a species that is the most sensitive to a
toxicant because it offers the greatest level of protection to the
receiving waters (Winner, 1988; Elnabarawy, elaL 1985; Cowgill, £i.aL
1985). A high level of sensitivity is one of the reasons L iMiia was
selected as a test species. However, within a species it is desireable to
produce animals that are as resistant to a toxicant as possible. This is
because resistance within a species is a direct reflection of the
daphnid's robustness (Winner, 1988; Elnabarawy, fitaL 1986), which
should be maximized in animals used for toxicity testing (EPA, 1989).
Therefore, it is reasonable to conclude that of the tested dilution waters
20% Perrler"' is the best because, coupled with a high level of survival
in the test organisms and the neonates produced and reproduction, it
produces £. dubia that are relatively insensitive to NaCl. Survival and
reproduction of L dubia cultured in Botany Pond water and the 10%
Perrier*** solutions were also above the minimum acceptable levels,
although their sensitivity to NaCl was greater. Finally, RCW provided
acceptable levels of survival and reproduction; however, £. dubia
cultured in this water were more sensitive to NaCl than those cultured in
the other dilution waters.
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Most recent discussions about dilution water have centered on the
problems Investigators and commercial laboratories have had In
maintaining robust cultures of C- Mdfl (DeGraeve and Cooney, 1987;
Keating, 1985; Keating, fitsL 1989). Though few scientific
investigations have followed, these discussions have still been useful in
illuminating the potential problems that may occur within a dilution
water. Theseproblemscangenerally be grouped into two categories: the
presence of contaminants that may cause toxicity, and the deficiency of
essential components, such as trace elements and organic nutrients.
Toxicity Is most often attributed to contaminants within the
distilled water base of synthetic waters (Winner, 1989). Contaminants
In the dilution water are present for two possible reasons. Either
distillation does not remove all contaminants from the water, or toxic
organics leach from ion-exchange resins into the water (Winner, 1976).
Because of this concern, a strict regime of water purification consisting
of distillation, activated carbon adsorption, and treatment with ion-
exchange resin has been recommended (DeGraeve and Cooney, 1987).
Side-by-side comparisons in our laboratory have indicated that the pure
water base used in a dilution water can affect survival and reproduction
within a dilution water (unpublished data). Therefore, It is Important to
select carefully a pure water base used for daphnid culture and to
maintain the system properly. Because the amount of contaminants
discharged from a well-maintained distillation system should be
minimal, other Investigators contend that a lack of trace elements and
organic nutrients may be more important (Keating, fital 1989). Although
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selenium has been most frequently studied (Keating, sLsL 1989), any
component essential to the survival and reproduction of eukaryotes may
be limiting to daphnlds in culture.
Most essential components in daphnid culture must be supplied by
either the food or dilution water. Many Investigators previously assumed
that robust daphnid cultures could be maintained when provided with
adequate mixtures of food, and because of this belief, much emphasis has
been placed upon developing viable food mixtures (Belanger, staL 1989;
Cowgill, fitaL 1985). However, in the Mini Chronic Test, reproduction is
sometimes higher in the wastewater treatment than In the dilution
water control (pers. obs.), which indicates two Important points. First,
that diet alone may not provide all components needed by daphnlds.
Second, some of the components needed by daphnlds may only be provided
through the aqueous medium. Very little emphasis has been placed upon
dilution water as a source of essential components. Food alone may not
be capable of providing all the components required to maintain healthy
daphnlds for several reasons. First, the composition of the food Is not
constant. In YCT, the composition of both Cerophyl and Trout Chow has
been shown to vary with each lot (Winner, 1989). The composition of
algae will also vary with the health of the algal culture and the length of
storage ( EPA, 1989; Stein, 1973). More Importantly, the simplicity of
the daphnid digestive system may not allow all components contained In
particulate food to be assimilated (Keating, £tai 1989). These
components may have to enter solution via dissolution or microbial
breakdown before they can be used by the daphnid. If food does not.
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provide all essential components for any of the above reasons, then the
dilution water must
The composition was different for each of the dilution waters
tested. It is reasonable to conclude that Botany Pond water contained
both trace elements and organic nutrients, simply because it is a natural
surface water. However, unlike the synthetic dilution waters, the
composition of both trace elements and organic nutrients would
fluctuate temporally. Perrier"* solution contains some trace elements.
Because Perrier"" originates from groundwater, the trace element
content should be more constant and the percent Perrier'*' used in the
final dilution water should determine the amount of the elements in the
dilution water. This conclusion assumes the composition of Perrier"* is
not greatly influenced by handling. Keating, £t2L (1989) suggests that
the percent Perrier"* used in the dilution water may be critical to the
robustness of daphnid cultures. Finally, RCW would be devoid of trace
elements and organic nutrients. Daphnid robustness in this experiment
was the greatest In 20% Perrier"* solution, slightly less in ]0% Perrier"*
solution, and lowest in RCW. Robustness generally decreased with the
decreasing trace element content suggesting that dilution water
additives, such as trace elements, may play an Important role In the
robustness of daphnids.
To improve the reproducibility of the Mini Chronic Pass/Fail
Toxicity Test, extraneous variables must be eliminated. As shown in the
present experiment, dilution water can affect the health of daphnids. In
turn, this may affect both inter- and Intra-laboratory variability and
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Ultimately the pass/fall outcome of the Mini Chronic Pass/Fail Toxicity
Test. Establishing a standardized dilution water would eliminate this
variable. In order to establish a standard dilution water several criteria
must be met. First, the water should support and propagate healthy L
dubia. Second, it should be easily produced in any laboratory. Finally, it
should be possible to make adjustments in the standard dilution water to
account for regional differences In the surface water. This latter
requirement is important because the characteristics of the dilution
water (e.g. pH, hardness, dissolved solids, organic content) can affect
the toxicity of an effluent. In the PerTier"* solutions, pH and hardness
can be regulated by the concentration of Perrler'" used while other
characteristics cannot. Among the dilution waters tested in the present
experiments, the Perrier"* solutions best meet the above criteria and
may provide the best choice for a standardized dilution water.
CONCLUSIONS   AND   RECOMMENDATIONS
1. The water used to culture and test C, dutila is an important
factor affecting the survival, reproduction, and sensitivity of
C. dubia to toxicants. Ultimately, the dilution water may
affect the pass/fail outcome of the Mini Chronic Pass/Fall
Toxicity Test.
2. Survival and reproduction were above the minimum levels
required when C. dubia were cultured in Botany Pond water,
20% Perrier™ solution, 10% Perrier'" solution, and RCW.
Survival and reproduction were below minimum acceptable
levels when Q. dubia were cultured in MS Animal Media. The
addition of selenium to 10% Perrier"" solution did not affect
survival, reproduction, or the sensitivity of L dubia to NaCl.
3. Variability was high in all dilution waters but not significantly
different between dilution waters. High variability suggests
that only a limited amount of confidence can be placed in a
single outcome of the Mini Chronic Pass/Fail Toxicity Test.
4 C. dubia were least sensitive to NaCl when cultured in 20%
Perrier*" solution, and most sensitive when cultured in RCW.
The addition of selenium to 10% Perrier"* solution did not
affect the sensitivity of £. dubia to NaCl.
5. Because of the above trends, 20% Perrier"" solution was
determined to be the best dilution water tested. Botany Pond
water, 10% Perrier"" solution, and EPA Reconstltued waters
were also acceptable.
6. Both the presence of toxicants and the lack of essential
components (trace elements and organic nutrients) have been
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Cited as the cause of £. dubia culturlng problems. Although
contaminants may periodically cause toxicity, concentrations
great enough to cause such problems are unlil<ely to occur if an
adequate system to prepare reagent water is used and properly
maintained. Essential components can be provided by either
food or dilution water. Because the supply of these components
from food varies with the batch of food and the form of the
component, dilution water may be an important source to
daphnids In culture. In this experiment, trends of increasing
robustness concomitant with Increasing trace element
concentration suggests that dilution water may be an important
source of essential components.
7. In order to improve the reproducibility of the Mini Chronic
Pass/Fall Toxicity Test, the number of extraneous Intra- and
Inter-laboratory variables must be reduced. Because dilution
water has been shown in this experiment to be an important
variable affecting survival and reproduction, a standardized
dilution water should be used. To be effective, a standardized
dilution water must maintain robust cultures of L iMM. be
easily prepared In all laboratories, and allow for adjustments
to be made for regional differences In surface water
characteristics. The Perrler"* solutions fulfill these
requirements, and are the best choice for a standardized
dilution water.
8. The present study has determined the robustness of £. ͣ dubia
cultured in different dilution waters. This information is
important to laboratories attempting to maintain healthy
cultures of C dubia. Further, it provides a better understanding
of the problems posed by different dilution waters. Because
many of the problems are likely to be related to the lack of
essential components within the dilution water (trace
elements and organic nutrients), further research needs to be
done In this area. Specifically, the nutritional requirements of
L dubia needs to be systematically defined along with the form
of each essential component that can be assimilated.
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APPENDIX  A.
North Carolina Ceriodaphnia Chronic Effluent Bioassay Procedure
North Carolina Department of Natural Resources
and Community Development
Division of Environmental Management
Water Quality Section
MINI CHRONIC PASS/FAIL
CERIODAPHNIA EFFLUENT TOXICITY TEST
This procedure has been established as a modification of the Environmental
Protection Agency protocol entitled "Methods for Estimating the Chronic Toxicity
of Effluents and Receiving Waters to Freshwater Organisms" (EPA-600/4-85-014).
This procedure has been extensively reduced in complexity in order to provide a
relatively inexpensive means of assessing suitable water quality with respect to
chronically toxic substances.
The test as outlined within the main section of this docximcnt may be used as
a routine monitoring tool and yields data that accepts or rejects an effluent for
discharge to a specific receiving water body. It does not determine the no
effect level. At times, determining the actual no effect level may be necessary
in order to evaluate the degree of toxicity reduction needed. This may be per¬
formed using an expanded series of dilutions. Additions to the methodology out¬
lined here which will estimate the no effect level are outlined in Appendix A.
This test procedure has been approved by the Director of the North Carolina
Division of Environmental Management under the Fresh Surface Water Classification
Standards (.0211) as suitable for evaluation of toxic substances.  It shall be
considered as an acceptable proof that the effluent is not causing impacts to
aquatic life in the receiving streams due to toxic substances. It does not
directly address mutagens, carcinogens, teratogens or disease causing agents and
may be superseded by other water quality regulations. Depending on the use
designation and specialized concerns of a particular water body (or effluent dis¬
charge), additional monitoring and/or restriction (either chemical or biological)
may be required. These monitoring requirements may include, but are not limited
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to, additional toxicity testing using alternate test organisms, unnodified E.P.A.
protocols and increased sampling or renewal frequencies.
The test organism used for this pass/fail test is the Ceriodaphnia sp. which
is a small cladoceran coosaon in lakes and larger rivers and is comnonly used as
an aquatic toxicity test organism.  The organism has a rapid life cycle at 25*0
and is capable of producing numerous offspring during a seven day period. This
particular test procedure is not used to determine an actual no effect level of
the effluent discharge, it is intended to evaluate whether the discharge toxicity
is acceptable or not in relation to a pre-established No Observed Effect Level
(N.O.E.L.).
The measures of effect used within this test are ntmber of offspring pro¬
duced and the mortality within the seven day test period. This document will
outline major procedural differences from the EPA procedure. Only those modifi¬
cations outlined here may be made to the EPA guidelines. This document is organ¬
ized into five sections which include 1) Effluent sampling 2) Major test proce¬
dures 3) Interpretation of results 4) An outline of daily activities to be per¬
formed prior to and during the test period (Table 1) and 5) Appendix A which out¬
lines methodology to determine the actual effluent N.O.E.L.
EFFLUENT SAMPLING
The effluent sample is to be collected twice as a 2A hour composite (on Mon¬
day-Tuesday and Thursday-Friday). Sampling should be performed below the last
waste treatment process, including disinfection. There may be no removal of
chlorine or any other effluent constituent by either chemical or physical methods
prior to testing.
Sample collection materials may be tempered glass, polyethylene, teflon, 30A
or 316 stainless steel, polypropylene, polyvinyl chloride or tygon. All plastic
materials must be discarded after use. It is the responsibility of the collector
to assure that contamination is not influencing test results. There may be no
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chemical residue present which will reduce effluent toxicity. Only 500 millili¬
ters of effluent sample is required in order to perform the test. Although a
small surplus should be obtained, a small sample size will minimize shipping
expense.
All effluent sampling should be performed using an iced or refrigerated col¬
lection device. The sample must be maintained at or below 4*C until the toxicity
test procedure is initiated. The collection container must be completely filled,
with no air pocket, to minimize the loss of volatiles.
TEST PROCEDURE
The test shall be performed as two treatments exposed to 12 female test organisms
each. The first treatment shall be considered the control population and shall
be dosed at OZ  effluent and 100/! culture water. Culture water is defined as the
same source as used to maintain the test population in the laboratory. This
treatment will be used to evaluate the significance of effect in treatment two.
Treatment two will be (unless specified otherwise) a concentration of efflu¬
ent diluted by the culture water to the following percent:
Z Effluent* «   Permitted Discharge Volume x 100
Permitted Discharge Volume +  7Q10**
Twelve test organisms will be exppsed to each treatment in individual test
chambers. The test will run for.seven days using the chronology specified in
Table 1.
*  Treatment Two
** Where 7Q10 is defined as tho lowest average 7 day low flow in the receiving
stream which has a probability of reoccurrence every ten years. All terms
must have equivalent units.
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The objective of this test series is to determine whether the treatment (2)
which exposes the test population to an effluent concentration equal to instreaa
low flow values has significant detriisental impact upon reproduction as compared
to the control population (treatment 1).  If there is no significant detrimental
impact compared to the control population then the effluent will be considered as
not chronically toxic to instream inhabitants and is considered to have passed
the test. A failure will be considered as a significant difference between
treatments with either reproduction being reduced or mortality increased in the
effluent treatment.
After effluent collection on days one and two, the test treatments will be
established and the test initiated on day three (Table 1).  Prior to introduction
of the test organisms the pH, dissolved oxygen and temperature must be checked
and recorded. At all times temperature must be 25*C (±1*C) and dissolved oxygen
must be equal to or greater than 5.0 mg/liter.
The test organisms are placed singly in small test vessels each containing
15 milliliters of solution. The organisms must all be between 2 and 2A hours old
and all within 4 hours of the same age. Transfer of the neonates is accomplished
using an eye dropper where the organism is never removed from solution. There
should be as little water transferred with the organism as is reasonably practi¬
cal. All Ceriodaphnia should be fed at this time and daily thereafter. Test
chambers should be incubated for temperature control with the photoperiod held at
16 hours of light and 8 hours of darkness.
On day four and five, a second effluent coqiositc is taken to be used for
renewal of the test solutions on day eight. Also on day five the original test
organisms are transferred to new test vessels containing new solutions of treat¬
ment 1 (control) and the original treatment 2 (effluent concentration).  The
original sample is to be refrigerated between uses on days three and five. Mor¬
tality should be recorded at this time. Reproduction counts should be performed
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in all vessels used during the initial test period (although there should be no
offspring during this phase in the life cycle).  The new test solutions should
receive food at this time.
Day six and seven requires only that the Ceriodaphnia be fed. Day eight
requires renewal of the test solutions using the composite taken on days four and
five. This renewal must take place within 72 hours of the final effluent collec¬
tion period. Mortality, reproduction, temperature, dissolved oxygen and pH
observations must be made and recorded. Day nine has no task other than feeding.
On day ten, the test is terminated after making final mortality, reproduction and
chemical/physical observations.
IKTERPRETATION OF RZSULTS
The statistical comparisons for evaluating the test results will be per¬
formed as outlined in the EPA guidance document with the exception that reproduc¬
tion data are to be evaluated at a 99Z confidence level. Mortality greater than
20% in the control population will be considered as abnormal and the test must be
repeated. A statistically significant acute response will be considered as a
failure of this effluent to meet toxic standards within the receiving stream.
Reproduction in the control population must exceed iS offspring per female as an
average of total daily reproduction. Mean reproduction is calculated by summing
the total number of young produced per female until either the time of death or
end of the experiment and dividing by the initial number of females exposed.
If these tests are being performed as an NPDES requirement or by Adminis¬
trative Letter, then data must be entered on Effluent Discharge Monitoring Form
(MR-1) for the month in which it was performed using the appropriate parameter
code. Additionally, DEM Form AT-1 (original) is to be sent to the following
address:
Technical Sei-vices Branch
North Carolina Division of Environmental Management
P.O. Box 27687
Raleigh, North Carolina 27611
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Table 1
MINI CHRONIC PASS/FAIL
CHRONIC TOXICITY TEST
Day One
The test has been designed to minimize weekend work if begun on a Monday.
On this day a 2A hour compositing device will be started. Sampling devices
should be refrigerated or cooled by ice.  The sample should be a minimum of
500 milliliters.
Day Two
The composite sample will be collected, packaged on ice and shipped to the
laboratory where the toxicity test will be performed.
Day Three
The test treatments will be set up and test organisms introduced. Dissolved
oxygen, temperature and pH will be measured and recorded. Dissolved oxygen
should be greater than or equal to 5.0 mg/1 and the temperature maintained
at 25»C {±1«C).  Feed Ceriodaphnia.
Day Four
Start second 24 hour effluent composite sample.
Feed Ceriodaphnia.
Day Five
Ceriodaphnia should be placed in new solutions of the original composite.
Mortality and reproduction counts should be performed at this time (although
there should be no offspring during this early phase of the life cycle).
Collect and ship second composite effluent sample. Feed Ceriodaphnia.
Day Six
Refrigerate second composite sample (<4*).
Feed Ceriodaphnia.
Day Seven ^^°-
Feed Ceriodaphnia
Day Eight
Renew all test solutions using second composite samples. Count mortality
and reproduction. Perform chemical/physical monitoring. Feed Ceriodaphnia.
Day Nine
Feed Ceriodaphnia
Day Ten
Perform final mortality and reproduction counts as well as chemical/physical
monitoring.
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APPENDIX A
In order to measure a no effect level, the Ceriodaphnia are exposed to a
series of effluent concentrations.  This contrasts with the pass/fail test which
uses only one concentration and a control. The reproduction within each effluent
concentration is subject to a statistical analysis as defined in the EPA methods
docximent to determine the chronic value.  If the chronic value is greater than
the previously defined pass/fail concentration, then the test is reported as a
"Pass".
All effluent sampling, test conditions, and test procedures are identical to
those outlined in the main section of this document except for the test concen¬
trations. The test concentrations for this test series will be established
around the previously defined pass/fail concentration by factors of three.  The
highest concentration shall be two multiples above the pass/fail concentration
and the lowest will be two multiples below.  For example, if the low flow
instreajo waste concentration is 5Z then the exposure concentrations will be as
follows:
Concentration 7. Multiple
45 15 X 3
15 Pass/fail x 3
Pass/fail 5 0
1.5 Pass/fail + 3
0.45 1.5 * 3
Control HA
Alternate dosing regimes may be considered if based on valid study criteria.
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If the chronic value lies above this range of concentrations, then the effluent
is of minimal concern regarding toxics within the discharge.  Should the lowest
concentration be impacted in comparison to the control, then the toxicity of the
effluent must be viewed as harmful to the receiving stream and will not meet the
pass/fail criteria.  If a multiple exceeds lOOZ effluent, then the highest con¬
centration should be 992 effluent.
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STATISTICAL ANALYSES
The Ceriodaphnia chronic toxicity test measures the chronic toxicity of
whole effluents through both mortality and reproduction. Statistically sig¬
nificant toxic responses are to be detected using Dunnett's Procedure to com¬
pare mean reproduction in the effluent concentration and the control. As
described in EPA chronic toxicity testing protocol (EPA/600/4-85/014) mean
reproduction is calculated by summing the total number of young produced per
female until either the time of death or the end of the experiment and divid¬
ing by the initial number of females exposed. An analysis of variance (ANOVA)
provides an estimate of the pooled variance which is incorporated in the cal¬
culation of Dunnett's t. Based on a comparison of the calculated Dunnett's t
with the tabled Dunnett critical value for a one-sided comparison at a 0.01
confidence level, effluent chronic toxicity is determined to be either a PASS
or a FAIL. In the case where there is only one treatment to be compared with
the control, Dunnett's t statistic is comparable to the Student t statistic
for comparison of means from independent random samples. Dunnett's t value is
to be reported with test results. Statistically significant mortality in
treatment 2 may supersede findings of Dunnett's t test for reproductive
results and render the test a failure due to a significance of mortality.
The LC50 (acute toxicity section) represents the expected concentration
of effluent that is lethal to 50Z of the test organisms within the test
period. A statistical estimation method must be used to obtain an estimate of
the LC50 from concentration/mortality data. Uncertainty is quantified through
confidence intervals expressing the range of values within which the "true"
LC50 could occur.
EPA acute toxicity testing protocols (EPA/600/4-85/013) detail several
methods for estimating the LC50 and confidence intervals including: probit
analysis, logit analysis, the Litchfield-Wilcoxon method, the moving average
angle method, and the trioned Spearman-Karber method because it is both model
free and robust (i.e., not sensitive to anomalous responses), however, any of
the above methods is acceptable. Confidence limits are an essential part of
LC50 estimation and are to be included in reported toxicity test data.
